A phospholipid bilayer of nanometer dimension has been used as a support for the study of reconstituted functional single-membrane proteins. This nanobilayer consists of an approximately 10-nmdiameter circular phospholipid domain stabilized by apolipoprotein A1. As a demonstration of this methodology, we formed the nanobilayers in the presence of hepatic microsomal NADPH-cytochrome P450 reductase. Incubation of a solution of enzymecontaining nanobilayers with a freshly cleaved mica substrate resulted in the spontaneous formation of a fully oriented supported monolayer of discoidal phospholipid domains. The P450-reductase in the oriented monolayer retains its catalytic activity. Characterization by scanning force microscopy revealed isolated single-membrane proteins that could be stably imaged over time. These results define a novel technique for the study of single-membrane proteins in a bilayer environment. 1998 Academic Press
INTRODUCTION
High-density lipoproteins are phospholipid-protein complexes in circulating plasma which are involved in the transport of cholesterol esters from peripheral tissue to the liver (Atkinson and Small, 1986; Glomset, 1968) . Newly synthesized highdensity lipoprotein particles assume a discoidal configuration which is transformed to a spheroidal shape as cholesterol esters are loaded (Forte et al., 1971a; Hamilton et al., 1976) . Discoidal high-density lipoproteins (rHDL) have been formed from purified apolipoprotein AI and structurally characterized by electron microscopy (Brouillette et al., 1984; Forte et al., 1971b; Wlodawer et al., 1979) , IR (Wald et al., 1990a) , fluorescence and circular dichroism spectroscopies (Jonas, 1986) , X-ray and neutron scattering (Atkinson et al., 1980; Atkinson et al., 1976; Wlodawer et al., 1979) , and most recently by scanning force microscopy (Carlson et al., 1997) . The most widely recognized model of discoidal rHDL structure is that of amphipathic antiparallel ␣-helices with lengths corresponding to the thickness of a single phospholipid bilayer bound to the edges of the phospholipid domain with the helix axis parallel to the bilayer normal (Jonas, 1992; Segrest, 1977 ). An X-ray crystal structure of the apolipoprotein has been solved in which individual apoAI's form horseshoe-shaped structures, suggesting that it may be possible for apoAI to form ␣-helical ''belts'' at the perimeter of the phospholipid domain (Borhani et al., 1997) . Molecular dynamic simulations and IR spectroscopy are consistent with the antiparallel ␣-helical model (Phillips et al., 1997; Wald et al., 1990a) .
rHDL are heterogeneous in size, consisting of discrete 70-to 190-Å-diameter disks containing from two to four apoAI molecules and variable amounts of phospholipid. Studies of the size distribution of rHDL indicate that the number of associated apoAI molecules depends on the diameter of the phospholipid domain, with overall heterogeneity being a function of the phospholipid to apoAI ratio during formation (Jonas et al., 1989; Wald et al., 1990b) . The phospholipid composition can be adjusted to include mixtures of phosphatidylcholine and phosphatidylserine, phosphatidic acid, phosphatidylethanoline, or cholesterol. Different acyl chain compositions can be used as long as the formation process takes place near the main phase transition temperature of the particular phospholipid being used (Jonas, 1986) . The ability to vary the composition and fluidity of the bilayer is important for the study of membrane proteins which exist in fluid bilayers and may have a specificity for certain lipid species.
Solid-supported planar phospholipid bilayers have allowed the use of a variety of surface-analysis techniques for the study of proteins and other molecules at a biological interface (Sackmann, 1996) . Attenuated total internal reflection infrared spectroscopy, attenuated total internal reflection fluorescence microscopy, surface plasmon resonance, scanning force microscopy, as well as other techniques have been used to characterize and study proteins and ligand-receptor interactions in supported bilayers. Furthermore, there has been recent interest in formation of patterned arrays of phospholipid bilayer domains as a biological support for studying the properties of incorporated molecules and constructing molecular libraries for the purpose of massscreening for desired functions (Groves et al., 1997) . We have shown by scanning force microscopy (SFM) that rHDL particles adsorb to atomically flat mica surfaces with the plane of the phospholipid domain oriented parallel to the mica surface (Carlson et al., 1997) . In addition, fusion of particles can be controlled by the SFM tip to produce nanometer-scale phospholipid bilayer patterns. These properties of rHDL suggest their use as a self-assembling phospholipid bilayer support composed of single nanometersize domains for trapping molecules of interest.
The work presented here shows that an integral membrane protein can be incorporated into the phospholipid domain of rHDL particles and the resulting structure immobilized on a mica surface for imaging by SFM. This new ''nanobilayer'' phospholipid membrane structure is proposed for the reconstitution of membrane proteins in order to immobilize individual functional proteins for study by scanning probe microscopy. The discoidal phospholipid domain of rHDL provides a means of studying the mechanical and functional properties of single membrane-inserted molecules rather than the collective properties of an ensemble presented in other forms of protein-phospholipid aggregates. Evidence for the reconstitution of microsomal P450 reductase (P450R) into such a particle is presented.
MATERIALS AND METHODS

Materials.
Human apoAI, purified as described (Jonas et al., 1989) , was the kind gift of Dr. Ana Jonas (University of Illinois, Champaign-Urbana). ApoAI migrated as a single band on a Coomassie-stained SDS-PAGE gel. Dipalmitoyl phosphatidylcholine was obtained from Avanti Polar Lipids. Muscovite mica was obtained from S and J Trading Inc. (Glen Oaks, NY). Silicon nitride SFM tips were from Digital Instruments (Santa Barbara, CA). Water used for reconstitution of rHDL and imaging was purified with a Milli-Q system (Millipore). All other water was Milli-Q purified or double-distilled.
Purification of P450 reductase. P450R was overexpressed in Escherichia coli and purified according to a published procedure (Shen et al., 1989) . LB broth (500 ml) containing 1 mg/liter riboflavin was inoculated with a 5-ml overnight culture of E. coli containing the expression plasmid pOR262 (Shen et al., 1989 ) and grown at 37°C to an A 550 of 0.8 after which 0.5 mM IPTG was added. After 18 to 20 h at 33°C, the cells were harvested at 3 000g for 15 min at 4°C and resuspended in 75 mM Tris · HCl, pH 8.0, 0.25 M sucrose, 0.25 mM EDTA, 0.02 mg/ml lysozyme. After 20 min on ice, spheroplasts were pelleted as above for 30 min, resuspended in ice-cold 50 mM Tris · HCl, pH 8.0, 0.5 mM EDTA, 10 µg/ml aptrotinin, 1 mM PMSF at five times the volume of the cell paste and sonicated on ice. Membranes were isolated by centrifugation at 105 000g for 45 min at 4°C and gently resuspended in 50 mM Tris · HCl, pH 7.7, 0.1 mM EDTA, 0.1 mM DTT, 20% (v/v) glycerol at 2-5 mg/ml protein. Triton X-100 was added from a 10% (w/v) stock in water to give a final concentration of 0.1% and the mixture was stirred for 1 h on ice. After centrifugation at 105 000g for 1 h, the supernatant was applied to a 0.8 ϫ 10-cm column of 2Ј,5Ј-ADP agarose (Sigma) equilibrated in the membrane resuspension buffer containing 0.1% Triton X-100 at 4°C. After washing with 50 ml of column equilibration buffer containing 5 mM adenosine, the reductase was eluted with 2 mM 2Ј-AMP in column equilibration buffer. Detergent was removed by loading the reductase-containing fractions on a 25 ml column of Q-Sepharose (Pharmacia) and washing with 10 mM Tris · HCl, pH 7.7, 0.1 mM EDTA, 0.1 mM DTT until the absorbance of the eluate at 275 nm dropped to less than 0.003 absorbance units. The reductase was then eluted with 50 mM Tris · HCl, pH 7.7, 0.1 mM EDTA, 0.1 mM DTT, 400 mM NaCl, 20% (v/v) glycerol. Reductase was concentrated to ϳ6 mg/ml in an Amicon concentration device with a YM30 membrane or in a Centricon 30 device. Reductase activity was measured in a cytochrome c reduction assay (Shen et al., 1989) at 28°C in 0.3 M potassium phosphate buffer, pH 7.7, containing 50 µM NADPH and 50 µM horse heart cytochrome c. Specific activities were in the range of reported values (45-52 µmol/min/mg). The reductase was observed to run as a single band on Coomassie-stained SDS-PAGE gels.
Preparation of rHDL/P450R. rHDL was prepared by the detergent dialysis method (Jonas, 1986) . The concentrations of phospholipid chloroform stock solutions were determined using the method of Bartlett (Bartlett, 1959) . Dipalmitoyl phosphatidylcholine in chloroform was dispensed with a Hamilton syringe, dried under a stream of N 2 gas, and then placed under high vacuum for several hours. ApoAI concentration was determined by absorbance at 280 nm using an extinction coefficient of 1.15 ml/cm/mg (Jonas et al., 1989) . A sodium cholate solution in reconstitution buffer (10 mM Tris · HCl, pH 8.0, 0.15 M NaCl, 1 mM EDTA, 0.01% NaN 3 ) was added to the dried lipid film and the phospholipid was dispersed by briefly warming in a 60°C water bath and vortexing to give a clear solution containing a phospholipid to cholate ratio of 1:1.98. The lipid mixture was added to apoAI (typically 8-10 mg/ml in reconstitution buffer) followed by addition of P450R (typically 50-75 µM in 50 mM Tris · HCl, pH 7.7, 0.1 mM EDTA, 0.1 mM DTT, 400 mM NaCl, 20% (v/v) glycerol). The final concentrations of components were ApoAI (48.7 µM), P450R (24.4 µM), phosphatidylcholine (5.4 mM), and cholate (10.7 mM) in ratios of 1:0.5:111:220. The mixture was placed at 37°C for 16 h, followed by dialysis at 37°C against four 1-liter changes of reconstitution buffer using 12 000-14 000 MW Spectra/Por dialysis membranes. Less than 10% of P450R activity was found to be lost after 24 h under these conditions. After dialysis, the mixture was concentrated to ϳ200 µl using a Centricon 30 concentration device (Amicon) and injected onto a Superdex 200 HR10/30 gel filtration column (Pharmacia) equilibrated in reconstitution buffer at room temperature at a flow rate of 0.5 ml/min.
Trypsinization of rHDL/P450R particles. Trypsinization was performed by mixing 1 µl of buffer (10 mM Tris · HCl, pH 8.0, 0.1 M NaCl, 1 mM EDTA) or 1 µl of 36 µg/ml porcine pancreatic trypsin (Sigma) in buffer with 5 µl of P450R-containing samples followed by a 15-min incubation at room temperature. For analysis, microliter aliquots were separated on 8-25% gradient native polyacrylamide gels and stained with Coomassie blue.
Scanning force microscopy. SFM images were obtained with a Nanoscope IIIa (Digital Instruments) equipped with a fluid cell using the A scanner. Mica was glued to 10-mm steel disks and cleaved with cellophane tape, and 2-10 µl of rHDL/P450R was applied followed by 10-20 µl of imaging buffer (10 mM Tris · HCl, pH 8.0, 0.15 M NaCl, 10 mM MgCl 2 ). Addition of rHDL/P450R after buffer gives identical results. The use of a PAP pen (Ted Pella Inc., Redding, CA) to circumscribe an area of mica with a hydrophobic border has been found useful to prevent flow of solution off the mica. After 30 min, the sample was mounted in the fluid cell and several milliliters of imaging buffer was passed through the cell to remove any unadsorbed material. Contact imaging was done under imaging buffer using the thin-legged 200-µm cantilever having a nominal spring constant of 0.06 N/m, and tapping mode SFM was done using the thin-legged 100-µm cantilever with a nominal spring constant of 0.32 N/m. Trypsin treatment was performed in the fluid cell by flowing several milliliters of 5 µg/ml trypsin in imaging buffer through the cell. Image analysis before and after trypsin treatment was performed using NIH image particle analysis while thresholding 1 nm above the rHDL surface. The position of the rHDL surface was estimated as the position of the histogram peak for each height image.
Measurement of rHDL/P450R activity on mica. Strips of mica (2.5 ϫ 0.9 cm) were glued to glass supports with superglue. After cleaving the mica with cellophane tape, a 1-mm-wide rectangular border was drawn around the edges of the mica with a PAP pen to prevent the solution from flowing off the mica. Imaging buffer (40 µl; 10 mM Tris · HCl, pH 8.0, 0.15 M NaCl, 10 mM MgCl 2 ) was placed on the mica followed by 4 µl of the rHDL/P450R used for SFM imaging. After 30 min the samples were rapidly immersed in ϳ1 liter of buffer. The buffer was exchanged three times, being careful to keep the mica surface wet at all times, with occasional agitation of the samples. The samples were placed in cuvets under buffer and the volume adjusted to 2.67 ml. Three hundred microliters of 0.5 mM cytochrome c and 30 µl of 5 mM NADPH were added to give 50 µM each, and the change in absorbance over time at 550 nm was measured at 24°C with magnetic stirring. Rates were calculated using an extinction coefficient for reduced cytochrome c at 550 nm of 21 000 M Ϫ1 cm Ϫ1 and were more than 10-fold higher than background rates. A calibration curve was made using pure P450R in order to estimate the amount of P450R adsorbed to the mica samples based on activity.
Other methods. Native gradient gel electrophoresis was performed using the Phastgel system (Pharmacia) with 8-25% gradient gels and SDS-PAGE with 20% gels. All gels were stained with Coomassie blue. Estimates of the Stokes diameters are based on the known Stokes diameters of the standard proteins thyroglobulin (170 Å), ferritin (122 Å), catalase (104 Å), and lactate dehydrogenase (82 Å). P450R concentration was determined from absorbance at 456 nm using an extinction coefficient of 21 400 M Ϫ1 cm Ϫ1 (French and Coon, 1979) .
RESULTS
Formation of rHDL/P450R Particles
rHDL was formed in the presence of P450 reductase (P450R) using the standard detergent-dialysis method (Jonas, 1986) . Since dipalmitoyl phosphatidylcholine has a high phase transition temperature (41°C) all incubations and dialysis were performed at 37°C. Measurement of P450R activity over time in a control incubation under the conditions of the incubation revealed little loss of activity. The specific activity of the P450R in the mixture after dialysis has been found to be 83% of the activity of the starting material (a change from 46.2 to 38.3 µmol/ min/mg). Upon completion of dialysis, the synthesis mixture was analyzed by native polyacrylamide gradient gel electrophoresis. As shown in Fig. 1 (top) , the mixture consists of predominant species migrating in the molecular weight range from 232 to 669 kDa (apparent Stokes diameters of 102, 107, 115, 122, and 170 Å). The major species formed under the same conditions in the absence of P450R is a single major band migrating near the position of the 232-kDa marker as described (Zorich et al., 1987) . rHDL particles with reported Stokes diameters of 99, 143, and 192 Å have been found to contain two, three, and four apolipoprotein molecules, respectively, depending on the ratio of apoAI to phospholipid during formation (Wald et al., 1990b) . The banding pattern shown in Fig. 1 was not seen when the phospholipid component was omitted from the synthesis mixture, suggesting that P450R is associated with the phospholipid domain of rHDL. The pattern of bands in different preparations of reconstituted rHDL/P450R mixtures show some variability; however, the presence of P450R is necessary for the formation of multiple bands above the 232-kDa marker on native gels at the ratios of starting materials used here. The patterns have been found to be sensitive to the ratios of apoAI, phosphatidylcholine, and P450R (not shown).
Gel filtration allowed only partial separation of the species present in the mixture (Fig. 1, top) . Denaturing SDS-PAGE of the fractions is presented in Fig. 1 (bottom) and shows the presence of differing ratios of ApoAI and reductase in the gel filtration fractions. The 102-Å particles present in fraction 24 contain very little P450R, while other fractions contain coeluting apoAI and P450R. The composition of the bands is not known; however, the mixture does contain P450R in association with rHDL (see tryp- sinization experiment below). Fractions containing predominantly the 115-Å band with smaller amounts of other species were used for SFM imaging.
Mode of Interaction with rHDL
In order to ascertain the physical nature of the species observed by native gel electrophoresis, the mixture of species was treated with trypsin and analyzed by native PAGE. Trypsin is known to cleave P450R between the 72-kDa soluble catalytic domain and the membrane anchor domain (Wang et al., 1997) , while rHDL is resistant to trypsin (Ji and Jonas, 1995) . If the reductase is associated with apoAI-containing aggregates through its membrane anchor domain, trypsin treatment of rHDL/reductase should produce free reductase and rHDL particles. Since rHDL formed at the present ratio of phospholipid to apoAI yields predominantly a singlesize species migrating near 232 kDa on a native gel, it might be expected that trypsinization of larger reductase-containing particles would produce rHDL of the same size as that produced in the absence of reductase. The results of such an experiment are shown in Fig. 2 . Fractions 20-22 from a preparation of rHDL/P450R were used in this experiment since they were depleted of species migrating near 232 kDa. Fraction 24 contained only the band migrating near the position of the 232-kDa marker. The reductase in the absence of detergent migrates as oligomers and trypsinization of the reductase is complete under these conditions, yielding a 67-kDa species. Treatment of rHDL/reductase fractions causes the loss of species migrating above 232 kDa, with formation of the 67-kDa free reductase, and the appearance of staining intensity near 232 kDa. The band in fraction 24 appears somewhat degraded since two bands near 232 kDa are seen upon trypsin treatment, but P450R is not present. Based on these results, the reductase is associated with 100-Å-diameter rHDL particles through its membrane anchor domain. Figure 3A shows a tapping mode image of rHDL formed in the absence of P450R. The rHDL form a monolayer on the mica surface with the plane of the phospholipid bilayer parallel to the mica surface (Carlson et al., 1997) . The majority of rHDL particles appear to be the correct size (ϳ10 nm diameter) because the tip reproduces the edges of the rHDL due to their close packing. Gel filtration fractions containing a predominant 115-Å band were used to prepare samples of the complex of rHDL with P450R. Figures 3B-3D show height images obtained in contact mode for rHDL formed in the presence of reductase. Monolayers of rHDL are similar to those in Fig. 3A and to previously published images (Carlson et al., 1997) except for the appearance of objects above the rHDL surface (bright spots) in the height images. If P450R is present in the phospholipid bilayer domain of an rHDL disk and the disk is oriented on the mica with the large hydrophilic domain of P450R facing the buffer side (away from the mica), one would expect to see such objects protruding above the rHDL surface. Representative objects are outlined by circles. A domain of fused rHDL can be seen in the upper left-hand side of Fig.  3B (arrow) where the SFM tip first contacted the rHDL at high force, indicating that the lower surface is in fact rHDL. The height of the fused domain and smaller domains differ by less than 0.5 nm. A 1-µm scan field was found to contain roughly 4900 rHDL particles with 15 objects above the rHDL surface. The number of higher objects might be expected to be much higher based on the ratios of apoAI and P450R in the sample used to prepare the surface on mica (Fig. 1, fraction 20 in lower panel) . The fact that relatively few objects can be seen in the images will be addressed under Discussion. The bright spots seen in Fig. 3 could be reproducibly scanned at low force, but disappeared or became very short at higher than optimal imaging forces. The contact images were often streaky due to interaction of the tip with the objects above the rHDL surface (Fig.  3D) . Figure 3E shows a contact mode deflection image of the rHDL/P450R. The underlying rHDL surface can be seen more clearly due to edge accentuation, with the larger and brighter objects corresponding to objects above the rHDL surface. The height image corresponding to Fig. 3E is shown in Fig. 5A . Figures 3F and 3H are tapping mode images of rHDL/P450R. Again, higher (brighter) objects appear above the rHDL surface. Figures 3G and 3I show tapping mode phase images corresponding to the height images in Figs. 3F and 3H. Contrast in phase images is due to a phase shift in the tapping frequency due to edge effects, differences in elasticity, and tip-sample attraction or repulsion. Phase features corresponding to the objects in the height images can be seen. It is possible that the phase shifts over the high objects are due to the softness of the objects relative to the rHDL surface since the height of the objects appears to be dependent on the imaging force.
Scanning Force Microscopy of rHDL/P450R
The bright objects seen in Fig. 3 vary in both height and lateral dimensions. The distribution of heights of the reductase molecules in contact mode is centered at 1.5 nm above the rHDL surface (Fig. 4A ) and 2 nm in tapping mode (Fig. 4B ) with broad distributions in both imaging modes. The lateral resolution of SFM is determined by the size and shape of the tip, which is convoluted with the true dimension of objects and can add from 8 to 50 nm to the true lateral dimension of objects. Thus the P450R appear as circular objects approximately 25-50 nm across. The reason for heterogeneity in lateral dimension is unknown at this time.
Trypsinization of rHDL/P450R Surface
Trypsin was found to remove the soluble domain of P450R from rHDL particles (Fig. 2) . rHDL/P450R surfaces on mica were imaged before and after trypsin treatment to determine whether the high objects behave similarly to P450R. Figures 5A (contact mode) and 5C (tapping) show surfaces before addition of trypsin to the fluid cell. Figures 5B and  5D show the same samples after trypsinization. Addition of trypsin to the fluid cell causes fusion of the rHDL particles to form 20-to 50-nm-diameter domains. Trypsinization of rHDL is known to result in cleavage of apoAI (Ji and Jonas, 1995) , which could destabilize the surface-supported rHDL. Such a fusion process has not been detected in solution (Fig. 2 and Ji and Jonas, 1995) . Treatment with trypsin causes a loss of the majority of objects above the rHDL surface in accordance with the proposition that these objects are P450R. A few of the objects in fields of images appear to be resistant to trypsin. To obtain the number of objects in images obtained during trypsin treatment, particle analysis was done using an NIH image with a threshold value 1 nm above the rHDL surface. The position of the rHDL surface was approximated by the peak position of the height histogram of the image. Figure 6 shows the time course of trypsinization and the progressive loss of the objects above the rHDL surface.
Activity of rHDL/P450R Monolayers on Mica
P450R activity measurements were made using rHDL/P450R monolayers on mica in the buffer used for SFM. The samples were produced just like the samples for SFM and activity measurements were made as described under Materials and Methods. The cytochrome c reduction rate of the samples was at least 10-fold higher than the background rate. The observed activity for an average of six measurements (46 Ϯ 14 pmol/min/cm 2 ) corresponds to 86 Ϯ 23 P450R molecules per 1 µm square surface area in comparison to the approximately 20-30 objects above the rHDL surface seen in the SFM images. While the activity of the objects seen in the images cannot be demonstrated directly, the activity measurements are consistent with the presence of roughly the expected number of objects on the mica surface.
DISCUSSION
The evidence presented indicates that P450R can be successfully incorporated into rHDL particles and imaged with scanning force microscopy. The appearance of larger species than those found in the absence of the flavoprotein as analyzed by native gradient gel electrophoresis suggests the interaction of P450R with apoAI-phospholipid aggregates. It is not clearly known whether the different-size aggregates result from incorporation of integral numbers of P450R into disks of a single size or if other types of aggregates are formed since we could not measure the chemical composition of the pure species. Trypsin treatment of aggregates that have been partially separated by gel filtration releases the soluble domain of P450R and results in the appearance of species of about the size of 10 nm rHDL, indicating that P450R is associated with ϳ10-nm-diameter rHDL through its membrane-binding domain. Surfaces of such particles were characterized by SFM, allowing visualization of objects above a surface of rHDL. The objects are not seen on plain rHDL particles. Trypsin treatment of the surface of particles resulted in the release of most of the objects as would be expected if the objects were the hydrophilic domain of P450R protruding from the bilayer of rHDL particles. Last, the measured activity of rHDL/ P450R adsorbed on mica is roughly of the correct magnitude to account for the number of objects seen in SFM images.
The height of the objects on the rHDL surface of 1.5 nm in contact and 2 nm in tapping mode is lower than the expected height of ϳ6 nm based on the X-ray crystal structure of the soluble domain of P450R (Wang et al., 1997) . The height of the objects was observed to vary with the imaging force (not shown), indicating that vertical compression and/or lateral motion of the P450R by interaction with the SFM tip can account for the lower than expected height of P450R. The force-distance relationship for the objects interacting with the SFM probe is currently being explored to determine the compressibility and height of the objects above the rHDL surface. Preliminary data suggest that the top of the objects 
FIG. 6.
Time course of removal of objects from the rHDL surface by trypsin (5 µg/ml). Tapping mode images were obtained during the course of trypsin treatment and objects 1 nm above the rHDL surface in each image were counted using image analysis software (see Materials and Methods). sit roughly 3.5 nm above the rHDL surface (not shown).
Much remains to be understood about this system for reconstituting membrane proteins into nanobilayers. The ability to separate the different size classes of species seen in native gels would allow chemical and physical analysis of the pure species. The fact that the partially separated samples used for SFM are mixtures of the different species with a predominant 115-Å species might account for the low number of objects above the rHDL surface due to preferential adsorption of rHDL containing no P450R. The dynamics of the mixture of particles are also not known. For example, does P450R exchange among the rHDL species and what are the most stable classes of P450R-containing rHDL? Unequivocal identification of the objects in SFM images as P450R remains. However, the available evidence indicates that the objects are P450R.
In conclusion, the demonstrated association of a membrane protein with nanobilayer particles and their adsorption as a monolayer on a mica surface yields another means of production of surfaces containing oriented membrane proteins. These nanobilayer particles provide an excellent means for selfassembly of arrays of small phospholipid bilayer domains on surfaces. The individual phospholipid bilayer domains on such a surface provide a way of trapping single membrane proteins for study by surface analysis techniques. The presence of apolipoprotein also offers the possibility of genetic engineering for covalent attachment of the particles to surfaces.
